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Outline
• VIIRS RSB radiometric calibration equation and
parameters
• SWIR band calibration changes since launch of the
Suomi NPP (S-NPP) spacecraft
― Telescope degradation
― Safe mode event
― Screen transmittance and diffuser reflectance
― The c coefficients update
• Comparisons between bands I3 and M10 before and
after the c coefficients update
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VIIRS RSB Radiometric Calibration
Calibration equation for Earth View data:
𝐿𝐿 = 𝐹𝐹 � 𝑐𝑐0 + 𝑐𝑐1 Δ𝑛𝑛 + 𝑐𝑐2 Δ𝑛𝑛2 / RVS

Δ𝑛𝑛 = 𝑛𝑛𝐸𝐸𝐸𝐸 − 𝑛𝑛𝑆𝑆𝑆𝑆

• 𝑐𝑐 coefficients and RVS (response-versus-scan) functions
derived from pre-launch test measurements
• 𝐹𝐹 factors derived from on-orbit solar diffuser measurements:
𝐹𝐹 =

𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠 𝑑𝑑 � cos 𝐴𝐴𝐴𝐴𝐴𝐴 � 𝜏𝜏𝑆𝑆𝑆𝑆𝑆𝑆 � 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆
𝑐𝑐0 + 𝑐𝑐1 Δ𝑛𝑛0 + 𝑐𝑐2 Δ𝑛𝑛0 2

𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠 (𝑑𝑑) =

𝛷𝛷
𝜆𝜆
∫ 𝑅𝑅𝑅𝑅𝑅𝑅 𝜆𝜆 � 𝑠𝑠𝑢𝑢𝑢𝑢 2 𝑑𝑑𝑑𝑑
4π𝑑𝑑
∫ 𝑅𝑅𝑆𝑆𝑆𝑆 𝜆𝜆 𝑑𝑑𝑑𝑑

Δ𝑛𝑛0 = 𝑛𝑛𝑆𝑆𝑆𝑆 − 𝑛𝑛𝑆𝑆𝑆𝑆

• Solar calibration conducted once per orbit
• Solar diffuser 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 assumed constant for the SWIR bands
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SWIR Bands Calibration Changes
operational SDR production

M8

M9
M10
M11

automated calibration procedure

M8

M9
M10
M11

• The F factors have been updated once per
week (approx. every 100 orbits) with changes
predicted for up to two weeks
• For the SWIR bands, the F factor changes are
dominated by effects of the telescope
throughput degradation
• An automated calibration procedure has been
implemented in the operational software to
update the F factor predictions after every
orbit, instead of every week
• The F factors calculated by the automated
procedure have not been used yet in the
operational production of the VIIRS SDR
• We have used the upgraded software to
reprocess the solar calibration data from the
first two years of the Suomi NPP mission
On the graphs, data for each detector are shown in a
different color; two HAM sides are shown as dots and
circles, respectively
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S-NPP VIIRS Telescope Throughput Degradation
• VIIRS telescope mirror contamination with tungsten oxide is the root cause of the
throughput degradation
• Degradation is controlled by exposure of the mirror surfaces to the UV (ultraviolet)
illumination by the sunlight reflected from the Earth during regular observations
• Measurements of the mirror witness samples have shown that the tungsten oxide
color centers have broad absorption centered around 1 µm (red line on the graph)
• NIR (near infrared) bands have been the most affected by the mirror degradation,
but the radiometric response of the neighboring visible and SWIR (short-wave
infrared) bands has been degraded as well
M1 M3
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J.D. Barrie et al., Proc. SPIE 8510 (2012) 85101B

M8

M9

M10

M11

5

F Factor Changes: Band M8
Mar’12 – S-NPP sun-pointing safe mode
Nov’12 – Solar diffuser processing
coefficients update

operational SDR production

• M8 is the SWIR band most
affected by the telescope
throughput degradation
• Suomi NPP spacecraft
went into a safe mode on
March 24, 2012
• After the event, the SWIR
radiometric response did
not return immediately to
the previous levels:
operational calibration
coefficients were adjusted
after two weeks
• In mid-November 2012,
angular dependence of
attenuation screen
transmittance and solar
diffuser reflectance were
corrected: approx. -0.5%
change for the SWIR bands

automated calibration procedure
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F Factor Changes: Bands M9 & M10

operational SDR production

operational SDR production

automated calibration procedure

automated calibration procedure

• For bands M9 and M10 effects of the telescope throughput degradation are smaller than for M8
• M9 and M10 calibration changes due to the Mar’12 safe mode and the Nov’12 LUT correction
similar to M8
• F factors reprocessed using the automated procedure are similar to the operational ones with
noticeable differences in the 2012 trends that support the Nov’12 LUT correction
• Other updates of the processing coefficients have minimal effect on calibration of the Moderateresolution (750 m) SWIR bands (including the c coefficients change on May 1, 2014)
• F factor trend changes since February 2014 are barely noticeable
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F Factor Changes: Band M11
• In comparison to the other
SWIR bands, calibration
changes for M11 are small
• No substantial effect of
the Mar’12 safe mode

operational SDR production

automated calibration procedure

• The largest changes of the
operational F factors in
2012 are due to the
uncertainties in angular
dependence of screen
transmittance and diffuser
reflectance
• Residual, annual variations
in the reprocessed F
factors are within
uncertainties remaining
after the LUT correction
(further updates are in
preparation, including
correction of the solar
vector calculations)
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Recent Calibration Trend Changes

SWIR bands
calibration
changes
occurring since
February 2014
are not well
understood yet
M8

M9

M11

M10
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F Factor Changes: Band I3
• After the c coefficients update on May 1, 2014, the largest change occurred for the Imagery (375 m)
band I3
May’14 – c coefficients update (c0 = 0)

operational SDR production

automated calibration procedure

• The updated c coefficients
for the reflective solar
bands, including SWIR,
have all c0 coefficients
(free terms) set to zero
and c2 coefficients (nonlinear term) derived
accordingly from the prelaunch test data
• Since the automated
reprocessing of the
calibration coefficients
consistently uses only the
latest LUTs for the entire
Suomi NPP mission, no
abrupt change of the F
factors is seen
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VIIRS-SDR-DELTA-C-LUT Update Testing
• We used the automated calibration code (with the
nominal smoothing filter applied to the time series) to
evaluate the c coefficients update
• Onboard calibrator data files from the time period
between July and December 2013 were processed to
calculate F factors for two cases:
– Using the LUT with the original c0 and c2 values
– Using the LUT with c0 = 0 and c2 from a refit of the
pre-launch test data (done by the Aerospace team)
• Four VIIRS granules from different orbits within one day
were selected for analysis (see an example on the right),
and SDR datasets were produced using the F factors
derived for each of the two cases
• Pixel radiance/reflectance were compared between the
cases
• For the band pairs with the same or similar spectral
response (I3/M10 and I2/M7), Imagery band pixels were
aggregated using the 2x2 averaging and compared to
the respective Moderate-resolution band pixel

2013-08-31 11:49 UTC
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VIIRS-SDR-DELTA-C-LUT Update: I3 vs. M10
1.61 µm

375 m

Change for I3 is an
order of magnitude
larger than for M10

1.61 µm

c0 = 0
c2 refit

750 m

The differences
between the I3
and M10 data
are significantly
reduced by
setting c0 to
zero, especially
at the very low
radiance levels
(ocean), but
they are still as
large as 2% at
the higher
radiance levels
(desert and
clouds)

original c
coefficients

12

LUT Update Monitoring at Sahara Sites

Setting c0 to zero brought
the I3 measurements at
the Sahara sites closer to
the M10 data
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VIIRS-SDR-DELTA-C-LUT Update for M8, M9, and M11
1.24 µm

Based on the comparison for the 2013-08-31
11:49 UTC granule, the c coefficients update
on May 1, 2014 changed the calibrated
measurements in these SWIR bands by less
than 1%, and usually by less than 0.1%,
similarly to the band M10

2.25 µm

1.38 µm
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Summary
•

Changes of the radiometric calibration applied to the VIIRS SWIR
measurements for the SDR production are generally dominated by the
telescope throughput degradation

•

Apparent small SWIR gain change after the spacecraft safe mode event
in March 2012 was mitigated by the calibration coefficients updates

•

Corrections of the solar attenuation screen transmittance and solar
diffuser bidirectional reflectance tables improved temporal stability of
the SWIR band calibration (and radiometric products) while imposing a
one-time change of approximately 0.5% in November 2012

•

Removal of the free term from the calibration equation (by setting c0 to
zero in May 2014) changed the calibration of the Moderate-resolution
SWIR bands by typically much less than 1%; a larger change for the
Imagery band I3 has reduced observed differences between bands I3
and M10

•

Trend changes occurring for the VIIRS SWIR band calibration since
February 2014 need to be further investigated
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